In recent years, indole derivatives have acquired conspicuous significance due to their wide spectrum of biological activities. The anticonvulsant drug design is based on the presumption (1) that for the activity in maximal electroshock seizure (MES) evaluation, at least one phenyl or similar aromatic group in close proximity to a two electron donor atom is required. For activity in pentylenetetrazole (PTZ) evaluation, an alkyl group close to a two electron donor atom is needed.
convulsant activity by electroshock and chemoshock methods. The compound having a naphthyl moiety showed 100% protection (5) .
As part of the programme on the synthesis of bi-heterocyclic compounds containing indole as one of the heterocyclic units, we undertook the synthesis of heterocycles wherein the two potentially active moieties are present together and to explore the anticonvulsant activity associated with these nuclei.
EXPERIMENTAL
The chemicals and solvents used for the experimental work were commercially procured from E. Merck, India, CDH, s.d. Fine Chem. and Qualigens, India. Silica gel G (160-120 mm) used for analytical chromatography (TLC) was obtained from E. Merck.
Melting points were determined in an open glass capillary using a Kjeldahl flask containing paraffin and are uncorrected. The proton magnetic resonance spectra ( 1 H NMR) were recorded on a Bruker 300 MHz instrument (Bruker, Germany) in DMSO-d 6 /CDCl 3 using tetramethylsilane [(CH 3 ) 4 Si] as internal standard. Chemical shifts (d) are expressed in ppm. The infrared spectra of compounds were recorded in KBr on a Bio-Rad FTIR (Browser Morner, USA) spectrometer. Elemental analyses were performed on a Perkin--Elmer model 240c analyzer (Perkin Elmer, USA). The physicochemical and spectral data of the compounds are listed in Tables I and II, 
Syntheses
Ethyl-(1H-indol-3-yl) acetate (1). -Indole-3-acetic acid (0.05 mol) was dissolved in absolute ethanol (10 mL). Conc. H 2 SO 4 (1 mL) was added and the reaction mixture was refluxed for 28 h. Reaction mixture gave on processing ethyl ester (1). The solid obtained was washed with sodium bicarbonate solution (10%, 50 mL) and crystallized from methanol. (2) . -Hydrazine hydrate (10 mL) was placed in a round bottom flask, and compound 1 (0.004 mol) was added. Contents were diluted with a sufficient quantity of dry ethanol till clear solution was obtained and the reaction mixture was refluxed for 20-22 h. After completion of the reaction, ethanol was distilled off till a small volume was left. On cooling, crystals of acid hydrazides (2) were formed and were filtered and recrystallized from ethanol.
2-(1H-indol-3-yl)acetohydrazide

2-(1H-indol-3-yl-acetyl)-N-(substituted phenyl)hydrazinecarbothioamides (3a-g
). -A mixture of 2-(1H-indol-3-yl)acetohydrazide (2, 0.01 mol, 2 g) and substituted phenylisothiocyanates (0.01 mol) in 20 mL of absolute ethanol was refluxed for 5-6 h. After completion of the reaction the reaction, mixture was concentrated and kept overnight at room temperature. The needle shaped crystals thus obtained were purified by repeated washing with petroleum ether (6).
5-(1H
-A mixture of substituted hydrazinecarbothioamides (3, 0.004 mol, 1.23 g) and 30 mL of 2%. NaOH solution was refluxed for 6 h. After completion of the reaction, the reaction mixture was filtered and the filtrate was neutralized with conc. HCl dropwise till pH was adjusted to 7. The mixture was kept aside for a few minutes. The distinctive precipitate thus obtained was filtered, washed with water, and recrystallized from a mixture of ethanol/water (80:20) (6). (1H-indol-3-yl)methyl-N-(substituted aryl)-1,3,4-oxadiazol-2-amines (5a-g ). -A solution of substituted hydrazinecarbothioamides (3, 0.004 mol, 1.23 g) and sodium hydroxide (5 mol L -1 , 2 mL) in 25 mL of absolute ethanol was cooled under continuous stirring for 30 min. To this mixture, iodine in KI (5%) was added dropwise till the color of iodine persisted at room temperature. After that the mixture was refluxed for 2 h. After completion of the reaction, the reaction mixture was poured onto crushed ice. The solid thus obtained was washed with sodium thiosulphate solution and recrystallized from absolute ethanol (6).
5-
5-(1H-indol-3-yl)methyl-N-(substituted aryl)-1,3,4-thiadiazol-2-amines (6a-g
). -Concentrated sulphuric acid (5 mL) was placed in a conical flask, and substituted hydrazinecarbothioamides (3, 0.004 mol, 1.23 g) were added in small portions over a period of 2 h under stirring while maintaining the temperature at about 0-5°C. When the reaction was completed, the mixture was poured onto crushed ice. Precipitated solid thus obtained was filtered, washed with water, dried at room temperature and recrystallized from absolute ethanol (6) .
Pharmacology
Anticonvulsant screening. -Albino mice (Swiss, 18-25 g) of either sex were used as experimental animals. The animals were kept at room temperature (25-30°C) on an adequate diet and allowed free access to food and water except during the short time they were removed from the cages for testing. All the experimental protocols were carried out with the permission from Institutional Animal Ethics Committee. Animals were obtained from the Central Animal House Facility, Hamdard University, New Delhi, India.
Initial anticonvulsant evaluations of the test compounds were undertaken by following the anticonvulsant drug development (ADD) program protocol (7, 8) . Albino mice were stimulated through corneal electrodes to 50 mA current at a pulse of 60 Hz applied for 0.25 s. Animals were previously given the test drug i.p. Abolition of the hind limb tonic extension spasm was recorded as the anticonvulsant activity. The test compounds were suspended in a 0.5% methyl cellulose-water mixture or in polyethylene glycol (PEG). In preliminary screening, each compound was administered through an i.p. injection at three dose levels (30, 100 and 300 mg kg -1 body mass) and the anticonvulsant activity was assessed after 0.5 h and 4 h intervals of administration (9) . The anticonvulsant efficacy was evaluated by the maximal electroshock-induced seizure (MES) and data are presented in Table III .
Neurotoxicity screening. -Activity of the drug interfering with motor coordination was checked by the rotorod test (10) . In that test, mice were trained to stay on the knurled plastic rod. Rod was rotated by 10 rotations min -1 and its diameter was 3.2 cm. Normal mice could maintain equilibrium on the rotating rod for long periods of time. The test compounds were injected i.p. at doses of 30, 100, 300 mg kg -1 body mass and tested at the time of the peak drug effect to measure the effect of the drug.
Neurotoxicity of compounds was indicated by the inability of the animal to maintain equilibrium on the rod for at least one minute in each of the three trials. Mice lost their balance due to their skeletal muscle relaxation effect of the drug. The dose at which 50% of the animals were disabled to balance and fell off the rotating rod was determined.
RESULTS AND DISCUSSION
The synthetic pathway is presented in Scheme 1. All the title compounds were newly synthesized and their structures were confirmed on the basis of IR and 1 H NMR spectra (Tables I and II) . The anticonvulsant activity and neurotoxicity of all compounds were examined using reported procedures (7) (8) (9) (10) . The anticonvulsant evaluation of compounds 4a-g, 5a-g and 6a-g in mice at 30, 100 and 300 mg kg -1 by i.p. MES (maximal electroshock seizure) and NT (neurotoxicity screening) are summarized in Table III together with the literature data on the drugs used as standards, phenytoin and carbamazepine.
Compounds 4b, 4e, 4f, 5b, 5d, 5g, 6b, 6d and 6e exhibited fifty percent or more protection at a dose of 30 mg kg -1 after 0.5 h and have shown activity comparable to phenytoin and carbamazepine. Among these compounds, 4b, 4e, 4f, 5d, 5g, 6d and 6e were also active after 4 h at a dose of 100 mg kg -1 body mass. This shows the rapid onset and long duration of action of these compounds at a comparatively low dose. Compound 5b 451 prevent spreading of seizures. All the remaining compounds, except 5e and 5f, were active at 300 mg kg -1 .
In the rotorod test, compounds 4a, 4c, 4d, 5a, 5c, 5e, 5f, 6f and 6g showed neurotoxicity comparable to carbamazepine and were less toxic than phenytoin.
Compounds with the electron withdrawing chloro substituent at the ortho position to the amino group led to considerable increase in the activity but were relatively more toxic. The presence of a bulkier electron donating methoxy group at para position of the amino group resulted in an increase in activity. This may be due to the increase in lipophilicity of the compound. The effect of the methyl group was found to be different in the three groups of compounds. In the case of triazole derivatives, the activity was as follows: o~m > p, with no effect on toxicity. In the case of oxadiazole derivatives, only p-substituted compound was active, and in thiadiazole derivatives it followed the order of o~p > m.
CONCLUSIONS
Indole based heterocyclic derivatives were found to have encouraging anticonvulsant activity. Some are promising and need to be further investigated to get better agents. These may act as lead molecules for the future.
